. Urethane inhibits tumour growth in experimental animals (Haddow and Sexton, 1946 ) causes a decrease of normal and malignant leucocytes (Paterson, Haddow, Ap Thomas and Watkinson, 1946) , and inhibits mitosis (Lasnitzski, 1949; Hughes, 1950) . In the (lithiocarbamate series sulphur replaces the oxygen of the carbamic acid radicle. In view of this relationship the effects of piperidinium pentamethylene dithiocarbamnate (C5H10NCSSNH2C5H10), sodium pentamethylene dithiocarbamate (C5H10NCSSNa), and sodium diethyldithiocarbamate ((C2H5)2NCSSNa), on the growth of sarcoma cells and fibrocytes cultured in vitro have been studied. The main purpose of this work was to find out whether these reagents had any selective action on the growth and viability of malignant cells.
Each method used in screening compounds for possible chemotherapeutic activity against malignant tumours has certain advantages and limitations, but cultured cells provide suitable test material for making preliminary comparative studies upon malignant and normal cells. In vitro trials have the particular advantage that a reagent can be kept in prolonged contact with cells at a relatively constant concentration and is not metabolized by tissues other than those under test. On the other hand, normal cells undergo pronounced morphological and physiological changes when actively growing in vitro and are not strictly comparable to the differentiated cells of an intact animal. Moreover distinctions between malignant and normal cells in growing cultures are less evident in vitro than in vtivo.
For this reason investigations of the cytotoxic effects of the dithiocarbamates have been made both on cells cultured in a state of functional survival with minimal proliferation and on actively growing and dividing cells. The methods adopted were the cultivation of tissue fragments suspended in fluid media and by the (louble-coverslip method of Maximow, respectively.
MATERIALS AND METHODS.
The cultivated tissues were taken from rapidly growing transplanted homologous spindle-celled sarcomas maintained in CBA strain mice and, as control material, thigh muscle from 14-17 day CBA embryos which gives luxuriant outgrowths of fibrocytes. Double-coverslip cultures were prepared as follows: suitable pieces of tissue were prepared in a mixture of 60 per cent balanced saline solution (Earle, 1943) and 40 per cent horse serum, mounted in a coagulum consisting of one drop of mouse embryo extract added to one drop of a mixture of equal parts of fowl and rat plasma. After coagulation of the plasma clot one drop of nutrient medium was placed over the explant. This medium consisted of 2 parts horse serum, 2 parts Earle's solution containing phenol red and adjusted to pH 7.4-7.6, and one part embryo extract.
At least two preliminary subcultures were made before adding the drug solutions. These were prepared in Earle's solution, sterilized by passage through Seitz filters and incorporated in the nutritive medium. Media for control solutions received Earle's solution alone in equal amounts. Test solutions were added 24 hours after previously washing and re-feeding the cultures in order to ensure active growth and division of the cells at the time of application.
In each experiment, 6 cultures were exposed to each of the range of drug concentrations. Cultures were inspected and fixed in Susa solution for staining with Harris's haematoxylin 24 hours after applying a drug when mitoses are abundant in control cultures. Cultures were fixed also after 48 and 72 hours, treatment.
In the fluid cultures, 6 fragments of tissue 1 mm.3 in size were cultivated together in 12 drops of nutritive medium, as used in the double-coverslip cultures, in large cavity slides covered with mica slips sealed with paraffin wax. After 48 hours' exposure to the drug solutions pieces of tissue were removed from the culture medium, washed thoroughly in Earle's solution and explants cultured singly, by the double-coverslip method, in normal media. In each experiment, 6 cultures were prepared from tissue fragments exposed to each drug concentration. Similar material from each series was mounted in plasma clots and fixed in Susa for the preparation of sections stained with Ehrlich's haematoxylin and eosin. Examination of the double-coverslip cultures permitted the estimation of the maximum concentration of a reagent which the cells could tolerate for 48 hours and the minimum lethal dose. Preliminary assays of the dithiocarbamates were made to determine their working ranges.
EXPERIMENTAL RESULTS.
All experimental procedures were standardized but there were inherent variations in, for example, the nutritive qualities of the plasma and embryo extract used in different experiments. In each experimental series one drop of drug-containing medium was added from the same pipette to all cultures to decrease differences in the volume of drug solution. The relative concentration of the reagents were maintained as between different series of tests.
The morphological effects of the three drugs at toxic concentrations were similar in both normal and tumour cells. Healthy sarcoma cells were considerably larger than the more slender fibrocytes and had larger, more deeply stained nuclei.
( Fig. 1 and 5 ). Treated cells of both types showed non-specific effects. Vacuolation of nuclei and cytoplasm, deformed and pyknotic nuclei and basophilic debris were commonly observed. The cells quickly rounded up when exposed to weak toxic dosages. Viability was assessed by standard morphological criteria and the development or absence of new outgrowth. The results are given in Tables I and II - In chemotherapeutic trials in vivo positive selective action upon malignant cells depends on their being affected at drug concentrations which do not appreciably affect normal cells. The criteria of (a) the lowest concentration of a drug which (i) cominpletely suppressed the development of outgrowth or (ii) killed all the cells of established outgrowths, in all 6 cultures of a set and (b) the highest concentration which (i) allowed the formation of a normal outgrowth or (ii) had no evident toxic effect on an established outgrowth, in each of tlhe 6 cultures of a set, are probably more reliable standards for comparing the effects of the dithiocarbamates upon the test material than the variable results got at intermnediate concentrations.
Established outgrowths.
The toxicities of piperidinium-and sodium-pentamethylene dithiocarbamates were closely comparable. Both showed no evidence of toxicity at concentrations of M/125,00 and were lethal at M/25,000. There was no significant difference in the response of sarcoma cells and fibrocytes to either drug, although at intermediate concentrations sarcoma cells appeared slightly more sensitive than fibrocytes. Sodium diethyldithiocarbamate ( Fig. 1-8 ) appeared to be less toxic than either of the preceding compounds possibly because of its simpler molecular structure. It was more toxic to sarcoma cells, being lethal at M/25,000, than fibrocytes, which were only slightly affected at this dosage, but killed at dosages of -I /5,000. Giri, 1949) . Bodine and Fitzgerald (1948) reported that sodium diethyldithiocarbamate in low concentrations stimulated and at higher concentration first depressed and later stimulated oxygen uptake by both dividing and" blocked "cells of embryos of Melanoplus differentialis. They also found that it decreased the toxicity of copper acetate to the embryos and suggested that its effect on respiration might be linked with its ability to react with copper ions. Sulphydryl-containing compounds have an affinity for copper-containing enzymes (Barron and Singer, 1945) .
Thus it appears that sodium diethyldithiocarbamate can affect oxidationreduction systems and cellular respiration. These properties may be responsible in part for the reported greater sensitivity of sarcoma cells than fibrocytes in rapidly growing cultures.
SUMMARY.
1. The toxicities of piperidinium pentamethylene-, sodium pentamethylene-, and sodium diethyldithiocarbamates to sarcoma cells and embryonic mouse fibrocytes cultured in vitro have been studied.
2. Sodium diethyldithiocarbamate is the least toxic of these compounds and is more toxic to sarcoma cells than fibrocytes in rapidly growing cultures.
3. It is suggested that this property may be related to the reported effects of this compound on oxidation-reduction systems and cellular respiration. 
